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. .

An investigatlonwas made in the Langley two-
dlmensional low-turbulence .tunmela t.odevelop a wing-
inlet section kavi~ maximum lift and critical speeds
as high ss these of the corresponding basic airfcil
section. Low inlet losses were cJeslredfor an exten-
sive ranp,e of lift coefficient ~r?d:’lO-Wr91U3. The
investigation consisted in me~surements of the lift,
drag, internal-flow, and :]ressl]re-~~strlbl:tlcn charac-
teristics cf a low-dra$”-type eirfoil section w.ltb.
several leadin~-ed~e air inlets. As a result Gf suc-
cessive modifications, two win~-inlet sections Eaving
maximutn lift coefficients exceedin~ the maximum lift
coefficient of the basic airfoil section and negligible
Inlet losses throughout an extensive ran~e of lift “
coefficient and inlet-velocity ratio have been developed.
The critical Mach number Cf the inlet lips (the forw&rd
0.5C chord) of one of the wing Inlets was higher then
th~t of the plain airfoil section. The critlcml Mach
number of the entire win~-lnlst sectlcn, however, was
limited tc a v~lue scmewhat “lower than that cf the plain
airfoil section by the hi~h suction pressures in the
vicinity of the exit, which was located on the upper
surfece between 0.50 chord end 0.60 chord. .

II?TROIXTCTICITI

Some of the more important problems Involved in
developing wing sections with leading-edge Inlets fcr
admitting cooling air are those of obtaining the required
quantities of cooling air flow without excessive Internal
losses and of obtaining the desired maximum lift and
critical speeds. .Attem~t.sto develop wing-inlet sections
having the desired airfoil and cooltng characteristics
often result in some compromises.
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program was ~dertaken in the Langley
low-turbulence tunnels to develop a

leading-edge air inlet f’orau airfoil section of-the
low-drag type. It was desired.that the wing-inlet
section have a maximum section lift coefficient of

.

61.% at a Re nolds number of”3 x 10 and a crlti.calbiach
~number of O. 7 at a section lift coefficient of 0.15,

or values not lower than those for the plain 8irfoil
section. The ren.ge of Inlet-velocity ratio as a function
of the lift coefficient for w-nich low inlet 10SSUS were
desired Is shown in flgura 1. progressive modifications
were made to a tri.elwing-inlet section of 2-foot chord
in an sttm;t to devslop a wing-inlet ,saction having
the desired chsre.ctarist,ics. Although axact msthods for
det:>rmining wing-inlet profilss am not indite.ttidby
the dctc presantad hersln, em indication is giwn of
the ;rogrAss made In tha devslopmunt of & l.cding-adgo
air Inlet for the eirf’oils~ction tastdd in this
investigation.

The investig~tlon consist.~d Sn maa.sursmtintsof tha
lift, drag, Internal-flow, ad pressum-distribution
characteristics of swmfi?l inlet configurations.
Mefisuremants cf the characteristics wtiramado t:hrough “

a range of angle of attack from n~gative lift cogfficienta
to the stall. Tineinvestigation included rests of a
wing inlet with roughness applied to the leading edges
of tha inlet lips to determine the effects of loading-
ed~e ro~-hness on the sbction charactartstics.

SYMBOM -

T.hosymbols ~d coefficients used in the presentation
of results are as follows:

ao P attack, given with roapact tosection angle 0.
reference line, degrees

c chord of original wing-inlet section m~asurad
along referance line

cl section lift coefficient based on actual chord

cd section drag coafficiont based on actual chord

section pitching-moment coafficiant at quartar-
cmc~ chord point
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velocity measured at point indicated by subscript

-..-...
miss “density

coefficient of ViSOOS~tY . .

dynamic pressure .

(“)

*F “

total pressure measured at point indicated by
subscript ..

loss in ’total pressure measured..at inlet or
exit as indic~ted by subscript

heig?.?.tbetween inlet walls measured at Inlet
or exit as indicated by subscript (fig. 2)

local static pressure

wing flap deflection,

Reynolds number bg.sed

critical Mach number,

ceCree8

cn actual ()Pov”cchord —
v

that free-stream Mach
number at which the spe~d of sound is first
att&ined at any pcint on tl.eatrfoil surface

“()

H~-p
pressure coefficient —

%

inlet-velocity ratio “ r

Subscripts:

o free stream

i“ lnlet

a - exit “

int internal

.
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MODEIX
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I

The two-dimensional models tested ln”the investi-
gation were constructed of lamlnated wood and had chords
of 2 feet and syana of approximately 3 feet. Prepa-
ration of the surfaces for tests consisted in glazing
local defects and then sanding the eritiresurfaces
w~th No. 400 Carborundum paper on rubber blocks.

The plain airfoil section, which formed the basic
airfoil section for the wing-inlet sections, is similar
to airfoils of the NACA 7-series (reference 1). At a
section lift coefficient of”O.~, which is approximately
the design lift coefficient, the chordwise positions
of minimum firessure are approximately 0.55c and 0.50c
for the upFer and lower surfaces, respectively. The
maximu~: thickness is a~proximtely 0.17c. TWO models,
one with a IJlah treilira acissmd one with a flap of
0.22c snd a vane of 0.09c,ware tasted.

The external Contain bgh:ind tkl~ (?.194.cst=tiori
of the wing-inlet section were the same as t:hose of the
plain eirfoil section. The trial inlet, designated
herein the original inlet (fig. 2), had small leading-
edge radii and lip stagger, RIX?represented e confi~wr-
ation which might be expected to mininize the length of
felring that would be required between the plain airfoil
and the ducted sections of a f’ull-sc&le wing. The
coollqq air exhausted over the u~per surfsce sli~~htly
downstream of the 0.50c position, and the air flow was
regulated by an internal exit fla:~pivoting =t the 0.60c
st~tion. Such an exit configuration is one thet tight be
designed for a fla?pad airfoil section. Tha inlat ‘d

exit of the ducted model extended across the entire s~an.

Test deta

2.5 x 106 ware
low-turbulence

TEST HETHODS

at a Reynolds numbsr of approximately

obtained in the Langley two-dimensional
tunnel (designated LI’T). ,Test data a?

Reynolds numbars of approximately 6 x lCb and 9 x 10b
ware obtained in the Langley two-diiienslonal low-
turbulence pressure tunnel (designated TDT). Lift data
were obtained from pressure maes’araments along the floor
and ceiling of the tunnel t:qstsection. Drag

.
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characteristics were determlned[“f~pm-wake-survey
measurements. Detalld of the test methods for the
two-dimens Ional low-turbulence t~ls. ,we dis-
cussed in reference 1.

..
Surface pressures for’the w~ng”.l~et section”were “ “

measured with small static tubes of 0.040-inch outside ..
diameter which were mounted close to the airfoil surface.
Orifices in the model surfaces were used to measure
the pressure-di~tribution characteristics of the plain
airfoil section.

Flow measurements were made at both the inlet and
exit of the ducted section to determine the inlet loss,
the Inlet-velocity ratio, and the total-pressure loss
throupb the ducted section. The inlet loss was deter-
mined from measurements made with t.nreetotal-pressure
tubes located at the O.1OC stztion as shown In figure 2.
The inlet-velocity retio and the.loss in totcl pressure
were determined from measuqments of flow at the exit.
Measurements of the flow et the exit were made with a
rake consisting of one static-pressure and four total-
pressure t~lbeshaving outside dims,eters of a;>proxhfiately
0.0.!+0inch. small exit hei@ts -~ermittsd the use of
only two or three total-pressure tubes. For large
exit heights, two or more survey rakes locstod at
sevsral spanwise stations wers used to detarrcine tl~e
average exit flow.

The internal drag coefficient was determined from
the following equation, which neglects changes in density:

cd#~ (, -J-)

No heat was added to simulate actual cooling conditions.

The test data have beencorrected for tunnel-wall “
effects, according to the methods discussed in reference 1,
by the following equations:

.
cl = o.g87czt

cd = O. 988Cd f

c.mc~.=:o..990cm~f
,. .,
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ho = 1.015aof
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qfJ= 1.012qof

where the primed quantities reyresent the values
measured In the tunnel. All test data were obtained
at free-stream Mach numbers less than 0.17.

RESULTS AND DISCUSSION

plain Airfoil Sactlon

The lift, drag, and pitohing-moment characteristics
of the plein airfoil section at Reynolds numbers of

3 x K+, 6 x 106, and 9 x 1C6 and the character~stlcs
of the atrfoil section with a double-slotted flap are
presented in figure ~(a). The effects of the double-
slotted flaq on the lift and ~itching-mornent charac-
teristics are of tke order expected for this type of
high-lift device. The increase in tiled~hu~l section
drag coefficient caused by standard lee.ding-adge rough-
ness (rgference 1) is similar to that obtained for
other airfoil sections of this type. The “oressure-
distributicm characteristics of thg ?loin ai~foll s~ction
are presented in figure 3(b). These data indicate tk4at
the range of section lift coe~ficient giving a favorable
nessure gradient over the forwsrd portion of the eirfoil
extends from e sect3.on lift coefficient of -0.04 to
slightly less than 0.50. The peak pressure coefficient
at a sect3.on lift coefficient of 0.15 corresponds to
a critical Mach number (estimated by the methods of
reference 2) of 0.67.

Original Wing-Inlet Conf@’uration

Figure 4 presents the characteristics of the wing-
inlet section with the original inlet. A comp-ison
of the lift characteristics, 5resented in fl,gureL(a),
with those of the plain airfoil section (fig. 3(a))
Indicates a 22-nercent reduction in the msxlmum section
lift coefficient. Test data at Reynolds nm.hers up to

6 x 106 (not presented) indicated no favorable scale
effects on the maximum section lift coefficients.
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Initial tests of the model”were
resistance. The data ~resented

7

made with no internal
in fiuure h(b) slam :

that the Inlet Ioss -is-low for only a-s~ll”rdnge of
llft coefficient.” The rapid rise in the inlet losses
causes high total-pressure losses through the ducted .
seotion, as Indicated by the total-pressure loss
measured at the exit (fig. A(a)). The high internal
losses probably oause excessively’thick boundary layers
.behlnd the exit and consequently tke high drag shown
in figure 4(a) . The nressure-dlstrlbutlcm d~ta presented
In figures 4.(c) and 4.?d) indicate the critical Mach
number for the first O.~Cc to be 0.66 at a section lift
coefficient of 5.22”and m inlet-velocity ratio of 0.28.
The crlticel Mach number of the entire wing-inlet
section, however, is reduced. to 0..65because of “the peak “
pressure in the viclnlty~.of the exit, Under all con-
ditions tested, the critical Mach number was limlted
by the high suction pressures in the vicinity of the exit.

. Inlet 2

In an attempt tto increase the maximum section lift
coefflclent, the leading-edge radii of the inlet lips
were Increased. The lip stagger was increased to permit
the upper lip to guide the ah flo?Y into the Inlet at
high angles of attack, and the inlet-velocity ratio for
a given exit opening was reduced by increasing the inlet
height. These modifications, which were made in an
attempt to reduce the inlet loss at high lift coefficients,
are Shown In figure 5.

The section characteristics of the ducted model
with inlet 2 are presented In figure 6. A comparison
of the llft characteristics with those of the original
inlet (fig. )+(a)) Indicates that the maximum section
lift coefficient was constdersbly Increased and exceeded
that of the plain airfoil section (fig. 3(a)) . The
increase in the maximum section lift coefftolent can be
attributed largely to the increased lip radii. The
drag characteristics, presented in figure 6(a), indicate
that the rapid rise in the section drag coefficient
occurs at higher lift coefficients In comparison to
that obtained for the ori~inal inlet (fig. b(a)). At
high lift coefficients, the Inlet losses of inlet 2 are
lower than these of the original. inlet; and the range
of lift coefficient for low inlet loss is thenefcre more
extensive (figs.~(b) and 6(b)). The inlet losses at low

.— ——-
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lift coeffiolents, however, are scmewhat excessive.
Several modifications were made Zn attempts to obtain
low Inlet losses at low lift coefficients without
increasing the inlet losses at high lift coefficients.
Successive attempts led to the development of inlet 3.

Inlets 3 and 4 .

Inlet 3.- Preliminary tests of the trial inlet
shapes, whIch led to the development of inlet 3, in-
dkcated that the r~nge of llft coefficient for low Inlet
loss can be shifted slightly by vmying the Inlet lip
sta~ger. The 11 stagger was therefore decreased, as
shown in figure f , in an ettempt to decrease the inlet
losses at low lift coefficients. In an effort to com-
pensate for the expected increuse in the inlet loss at
high lift coefficients, the li;~~were thickened in-
ternally to form a gradually e~p&ndhg diffuser that
would tend to allow tineuppsr lip tc guide the internal
flow. In lika mammr, at low llft coefficients the
lower li? wcvld tmd tc guide the Internal flow.

Figure 8 shows the exit modifications that were
made to increase the exit area. The exit modifications
consisted in increasing the camber azndchcrtiof the
exit flap and, because of the larger fla@”chord, it was
necessery to modify the exit.lip as shown in the sketch.
Previous conft~rations of the ducted airfoil sectlcn
were tested without simulated heat-exchanger resistmce.
The ducted section with inlet 3 was tested with a
baffle plate simulating heat-exchgnger resist~nce In
order to include the effects of internal resistance on
the section ch~racteristics. The position of the
simulated heat-exchanger in the inlet and its construction
are shown in figures 7 and 9, respectively. The
baffle plate had a ratio of open area to total area of
c.67.

Ft.gure 10 presents the section characteristics
of the wing-inlet section with inlet 3. A comparison
of the lift characteristics presented in figure lo(a)
with those of the plain airfoil section (fig. 3(a))
shows thet the maximum section lift coefficient is con-
siderably higher than thet of the plain alrfoll section.
Figure lC(a} also shows that the inlet losses are negli-

.glble for an extensive range of inlet-velocity ratio and
lift coefficient. The low inlet losses can be attributed

. . .
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to the fact that aeparakfon at the inlet 1s probably pre-
vented by the guldlng .actldn of the inlet lIPs* . Fiwe
10(b} shows the pre”ssure dibtribu”tions aver the lower
lip-. The critical Mach ntmiber ”oorrespondlng to the
peak pressure coefficient at a section lift ooefflcient
of C.13 1s O.~l,,or considerably lower than that cf the
plain alrfcll section. Attempts were therefore made
to increas? ,the criticnl Mach number by thickening the
external lower lip with modeling clay.to tom inlet 4.

w:- “ “
Figure 7 shows the modifl.cations made” to m

Y’orm n e A comparison of the pressure distributions
over the lower lip of Ihlet 4. (fi@. 11) with these obtained
over the lower lip cf inlet.3 (fig. lC(b)) indicates the
critical speed of Inlet 4 to be higher than that of inlet 3.
The crltioal Mach number of the lower lip of inlet 4 is O*68
at a section lift coefficient of 0.28. or sliEhtlY hi~er
than that of the plain airfoil sectiofi. The ~ligktl ‘lower

Tmaximum section lift coefficient of inlet 4 (“fig.11 .
ma have been caused by a change In the inlet-velocity

zra io or by scme surface irre~ularities inasmuch as the
lower lip of inlet )+was constructed of modeling clay~
The internal-flow characteristics of inlet 4 should be
similar to those cIfInlet 3 because the Inlets have the
same profiles with the exception of the external lower
lip. The section characteristics cf inlet 4 are there-
fore mere favorable than those cl’inlet 3 because of
the higher critical Mach number of the lower lip..

Although the section characteristics cf Inlet)+
may be considered satisfactory, this inlet has the
structural disadvantage of requiring an extensive fairing
between the duoted and plain airfoil sectio~s. An
attempt was consequently made to develop an inlet con-
Ftwration thet could be f-ired intc the plain airfoil
section without an extensive blister. .

Inlet 5

Figure X2 is a sketc~ of inlet 5,
from tests of e trial configuration.

Smooth model.-
which W8S developed
The internal contours were similar to tkcse of ~nlet 3,
but the leqding edge of the inlet was located farther
rearw~rd to retain approximately the smne inlet height
as that of inlets 3 and 4 without extending the external .
contours beyond these of the plain airfoil section.

.—L —.. . . . — —... — . ——. —- -
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Figures 13”(a) to 13(0) p?bs~nt-’the~oharacteristlcs .
of tk.eduoted.section In the srnobtlim.kbnditlon.. .A bom~
parison of these lift charabtdrt=tlhs (f’ig:”.13{a))” .. “
with those of the plaln airfbil sebtion @igi.i~”(a})
indicates that the maximum saetion’lit% coefficient of “ “.

..

the ducted secticn is’’at”least as kii@h as-that bf-the . .
plain airfoil “section for an extensi”- range”bf inlet- “
velocity”ratio .“.The dsta presented” in”figure 13-(b)- “
indicete ne llglble inlet losses for the desired range ~ -

fof lift coe ficient and inlet-velocity ratio shown in
fi ure 1. “The pressure distributions-shown in fi~rqs...

f13 C) and 13(~) indicate an extensive”renge of li~t
coefficient for a favcrable pressure gradient over the
upper and lower inlet lips. ..

.. .. ,+
~ The critical Mach numb~r of “the Iplet lips (the “

forward 0.50c) la c.67 at msectioh.l”ift coefficient of “ “
0.15 and at an inlet-velocity ratfo of 0.3, or-slfghtl~’ “+”’
higher than that of the plain airfoil section. The “..:.
high suction presspres in the vidinity of the exit, “ ‘..
however, reduce the critical Mach number of the entire
wing-i~et section to G.61.” ~ increase in the critical
Mach number of the cluctedwin& sectclon can probably “be
obtained by locating the exit farther rearward “br by “ “.
undercutting the exit (GS shown in reference 3) and
extending the exit lip to direct the exit flow ;>arallel - ‘“
to the airfoil surf~ce.

Lift, drag, and flow data at a Reynolds number of
6 x 1C6 are presented in figure 13(e). A comparison of “
the lift charRcter~stics with those obtained at a.Reyndl”ds

number of 2.3 x 10b (fig. 13(a)) Indicates.favorable
scale effects on the maximum section lift coefficient.
The minimum section drag coefficient (fig. l~(e)) is .
considerably hi~her than that expected for a plain airfoil .
section having pressure-distribution characteristics
similar to those of inlet 5. The increase in the minimum
section drag coefficient may therefore be attributed
largely to the exit flow.

.- Test data sho;ing the ‘“
effects or g-edge rcughness on the”lift and flow
characterist;~s are presented in figure 13(f]. “ The se
data indicate that leading-edge r.cughness on one or both .
inlet lips causes no appreciable change in,the internal.
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flow characteristics. The maximum seotion.lift coef=
ficient is unaffected by leading-edge roughness on the
lower inlet lip. A comparison cf the lift charac-
teristics for both the smooth and rough conditions
indicates that leading-edge roughness on the upper
inIet lip.reduces the maximum section lift coefficient
~ra roximatel

% I
the same decrement as that obtained’

e plain a rfoil section (fig. ~(a))..

Transition Section
.

The fairing required be~ween the plain airfoil .
section and inlet 5 is somewhat large, and a
substantial decrease in the maximum section lift
coefficient might be cbtained cn a three-dimensional
wing because of the shape cf the Inlet end closure.
Tests were therefore made cf a half-span ducted airfoil
secticn with inlet 5 to give an Indication of the
effects cf the leading-edge fsirin& on the lift
characteristics. The transition section was fcrmed by .
attachinE the lsadln2-ed~e contour cf the plain airfoil
section to the winpinlet section with Inlet

z
tc form

a half-span ducted .airfcil section. Figure 1 shows
various views of the r,odel and tha fairing betwebn
the plain and ductetlairfoil sections. A partition
between the ducted and plain alrfoll sections restricted
the internal flow to the ducted airfoil section.

A comparison 0$ the lift characterist~cs presented
in figure 15 with those of the plain airfoil section
(fig. 3(a)) indicqtes that the maximum section lift
coefficient of the transition section is neerly the
same as that of the plain airfoil seCtiOn. The drag
data presented in fl~re 15 indicate that stallin~ first
occurs over the plain airfoil section.

Comparison of Characteristics of Ducted and

Plain Airfoil Sections

Maximum lift.- The variation of maximum section
lift coefficient with inlet-velocity ratio is shown in
figure 16(a) . The highest maxhnun section lift
coefficients were obtained with inlet J. The maximum
section lift coefficient of the ducted model with inlet
is higher than that of the plain airfoil section for

,

4

—
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inlet-velocity “ratios ranging from a val~e”somewhat
1SSS than 0.30 Up to”a mlue of I*26- The ---
section lift coefficient of the ducted airfoil section:
with inlet 5 is higher than that of the plain. airfoil
section for Inlet-velocity ratios between 0.13 and 0.~5.

Inlet 10SS6S. - Figure 16(b) -shows the range of lift
coefficient and inlet-velocity ratio” at which the Inlet
loss is ne@iFihle. Inlet k has negligible inlet losses
for a more extensive range of inlet-velocity ratio and
lift coefficient as ccmpared Witli thoEe cf Inlets 1
and 5. Negligible inlet 10SSSS throughout the renge of
Inlet-velocity ratio and llft coefficient at which low
inlet losses are generally desired can be cbtalned with
either Inlet 4 or inlet 5.

Critical Mach rnnn%er.- !Wgure .16(c) shows the
let 5 (the f@rw8rd C.5CC)
er of’ths plain airfoil

section. At the hl~h-speed ccnditlon, the critical
Mach number 1s sli~ktly lii@er than that of’the plain
airfoil secticn.

,.
Effect of gx~t on cr~t~cal ~gch n~berm. Figure 16(d)

shows the crlticel Mach number corresponding tc the qeak
pressure”’over the exit flap for bcth the crlglnal and
modified exits. A comparison of figures 16(d) and 16(c)
Indicqtes that the peak oressure over the exit flap
reduces the critical Mach number by approximately C.C6
at the high-speed condition. These data indicate thgt an
Important factor to be considered In the design of an
exit is the effect of the exit en the critic~z Mach
number.

CONCLUSIC’NS

an lnvestlxation.of c low-dragAs the result of
airfoil sectlcn with several les~ing-edge air inlat~ in
the Langley two-dimensional low-turbulence tunnsls, “
two leeding-efi~e air inlets 12avinc the fcllowing

“ characteristics he.vebeen develc:ed:

(1) Maximum lift coefficients higher than the “
maximum lift coefficient of the plain
airfoil section for an extensive range
of inlet-velocity ratio
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(2) Negligible iiiht.losses for an extensive range .
cf Inlet-velocity rtiio and llft coefficient

,., .
The critical Mach ntibbr of one od”tho wln~ inlets
(the forward O.50c ) was sllghtly higher than that af
the.plain airfoil section. The critical Wch number
of the entire wing-hlet section, however, was llmlted
to “avalue-somewhat lower than that of the plain airfoil
section by the high suction pressures in the viclnlty
of the exit which was located o-nthe upper surface
between 0.50 chord ~nd 0.60 chord.
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Figure 5.- Profile&! of the oririnal and modified inlets.
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(b) Three-quarter view of model inverted showing fairing
between ducted and plain airfoil sections.

Figure 14.- Continued.
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(c) Top view showing exit of ducted section.

Figure 14.- Concluded.
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Fig. 16c NACA ACR NO. L6B18
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